DOUBLE-SKIN TUBULAR STRUCTURAL MEMBERS 



FIELD OF THE INVENTION 
This invention relates to double-skin tubular structural members such as 
columns and methods of making such structural members. 

BACKGROUND TO THE INVENTION 
A variety of composite materials are known to be used in the formation of 
structural members used as columns, beams, beam-columns, etc. in various structures 
such as bridges or buildings. 

Existing column forms include double-skin steel tubular columns consisting of 
an inner steel tube, an outer steel tube and with concrete in between the tubes. 
However, the use of a composite column in this form may lead to difficulties with fire 
protection for the outer tube if this steel tube is to be used in a structural manner 
during normal loading of the column and difficulties with corrosion protection of the 
outer tube. Additionally, columns utilizing inner and outer steel tubes may be 
relatively heavy. 

Lighter and more durable forms are known in the form of double-skin fibre 
reinforced polymer tubular columns. However, such columns may not be as usefiil to 
support construction loading during formation of the colimms until the concrete is set 
and provide difficulties for the coimcction of beams to such columns. 
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OBJECT OF THE INVENTION 
It is an object of the present invention to provide a double-skin tubular 
structural member and methods of making such structural members that may 
overcome or alleviate some of the difficulties with the prior constructions or at least 
5 provide the public with a useful choice. 

SUMMARY OF THE INVENTION 
Accordingly, in a first aspect^ the invention may broadly be said to consist in a 
double-skin tubular structural member including: 
10 - a fibre reinforced polymer outer tube; 

an inner tube made from generally metallic materials; and 

filler material provided between said outer tube and said inner tube. 

Preferably said filler material comprises abound aggregate material. 

15 

Preferably said bound aggregate material comprises concrete. 

Preferably said inner tube comprises a steel tube. 

20 Preferably said fibre-reinforced polymer includes at least some fibres 

orientated generally circumferentially around said tube. 

Preferably said fibre-reinforced polymer includes a majority of fibres being 
orientated generally circumferentially about said tube. 

25 
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Preferably said outer fibre-reinforced polymer tube is constructed from a 
plurality of layers of fibre-reinforced polymer. 

Alternatively or additionally, said outer fibre-reinforced polymer tube is 
5 constructed using a filament winding process. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Preferred embodiments of the invention will now be described with reference 
to the following drawings in which: 
10 • Fig. 1 shows a cross-sectional elevation of a structural member in 

accordance with one embodiment of the invention; 
Fig. 2 shows a plan cross-section through a structural member used in 
testing an embodiment of the mvention; 

Fig. 3 shows a table of test samples in accordance with one 
15 embodiment of the invention; 

Fig. 4 provides a graphical representation of axial load against axial 
strain upon testing of the samples detailed in Fig. 3; and 
Fig. 5 provides a table of results in calculations for the results shown in 
Fig. 4. 

20 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
This invention relates to double-skin tubular structural members. In general, 
the reference to double-skin is a reference to inner and outer tubular members, 
generally provided with a filler in between. 

25 
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Throughout the majority of the description, reference will be made to double- 
skin tubular columns or DSTC^s. Although a generic reference to columns is used, it 
will be appreciated that these structural members can also operate as beams with or 
without rearrangement. Therefore, although reference may be used to columns, this 
should be construed as also incorporating the variety of structural members such as 
beams and columns as well as other structural members having similar requirements. 

Referring to Fig. 1, a first embodiment of the invention is shown in the form 
of a structural member 1 such as a column including a fibre-reinforced polymer outer 
tube. The reference to fibre-reinforced polymer composites is intended to include 
such composites formed by embedding generally continuous fibres in a resin matrix 
which binds the fibres together. 

Typically, fibres utilized in fibre-reinforced polymer (FRP) include carbon, 
glass and aramid fibres while common resins would include epoxy, polyester and 
vinyl ester resins. Of course, this is not an exhaustive list of the fibres and polymers 
that may be used in such composites although these may be suitable for the present 
applications. 

Again referring to Fig. 1, a structural member 1 is provided with an inner tube 
in the form of, in this particular embodiment, a steel tube 3. Again, although 
reference to steel may be used throughout the description of preferred embodiments as 
it is a common construction material, a variety of other metallic or similar isotropic 
materials having good post-yield ductility may be utilized. Stoel is merely a common 
example of such materials. 



Intermediate of the outer tube 2 and the inner tube 3 is a filler material 4. The 
filler material 4 may comprise a variety of materials although preferred filler materials 
may include a bound aggregate such as concrete to provide suitable compression 
strength to the column. 

In this preferred embodiment, the inside of the inner tube 3 may be left hollow 
although this is only a preferred solution such that the weight of the structural member 
is reduced and the inside of the tube may allow access to the steel tube 3 for the 
interconnection of beams or the passage of building services components. In other 
appHcations, the inner tube itself may be filled with a filler material of its own which 
may be the same or different from that utilized intermediate of the two tubes. 
Furthermore, if desired, the inner tube may be coated to protect against any 
environmental hazard. 

The tubes 2 and 3 in this preferred embodiment may be provided as 
substantially circular cross-sectional lubes although any other desired shape such as 
square, rectangular or more complex shapes may be utihzed as desired. 

Furthermore, in this preferred embodiment, the tubes are concentrically 
arranged. For a colunrn in a building anticipating transverse loadings fi-om wind load, 
earthquakes or similar, the column is often provided with the tube substantially 
concentrically arranged so as to accommodate load from any direction. However, 
should a structural member in this form be utilized as a beam, there may be specific 
preference to offset the inner tube 3 with respect to the central axis of the tube 2 so as 



to move the steel tube 3 more into this zone having the greatest axial tensile stress 
diiring normal beam loading. 

To improve the perfonnance of the fibre-reinforced polymer and its action 
5 within the structural member, it is prcfeired that at least some or. more preferably, a 
majority of the fibres are orientated generally circmnferentially about the structural 
member and provide confmement to the concrete for enhanced ductility. It will be 
appreciated that the orientation of the fibres may be effected by the type of FRP used 
or by its method of manufacture. For example, if the FRP is constructed usmg a 
10 lattice of fibres, it may be desirable to orientate an axis of the lattice around the 
circumferential direction. If a filament winding process is used, a majority of the 
fibres will be generally circumferential but the winding process tends to align the 
fibres like a coil at some angle to the circumfa-ential direction. 

15 Experimental Data 

To consider the performance of double-skin tubular columns having a steel 
inner hibe, a fibre-reinforced polymer outer tube and concrete in between, a total of 
six double-skin tubular columns were prepared and tested under uni-axial 
compression. 



20 



The samples themselves were prepared with outer diameters of 152.5mm. and 
a height of 305mm. Each had the same inner steel tube with a diameter of 76mm. and 
a thickness of 3.22mm. However, the samples were prepared such that two samples 
had a single layer of fibre-reinforced polymer on the outside, two such samples had 
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two layers and the final two samples had three layers. A summary of the samples 
prepared is shown in Fig. 3. 

Each of the samples was tested under uni-axial compression with strain gauges 
5 attached to both the inner steel tube and the fibre-reinforced polymer tube. The strain 
gauges 6. 7 comprised two 10mm. rosenes on the steel tube and four 20mm. rosettes 
on the fibre-reinforced polymer outside tube for each specimen. A cross-section of 
the sample showing the position of the strain gauges is provided in Fig. 2. 

10 The materials of the coltmins were such that identical steel tubes were utilized 

and samples tested under tension according to British standard 18:1987. The average 
tensile strength obtained was 380.4 MPA and the average Young's modulus was 
207.28 GPA. 
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An additional three control concrete specimens with the same outer diameter 
of 152.5mm. and height of 305mm. were cast and tested under compression. The 
average compression strength obtained on the samples was 39.68 MPA and the 
average Young's modulus was 30. 1 8 GPA. 



20 According to the manufacturers data, the nominal tensile strength of the fibre- 

reinforced polymer utilized was 2300 MPA and the nominal Young's modulus of the 
fibre-reinforced polymer was 76 GPA with the nominal thickness per layer of the 
fibre-reinforced polymer being 0. 1 7mm. 
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The samples to be tested were placed in a testing machine under displacement 
control with a loading rate of O.OOSmm. per second 

All the specimens experienced continuous load-displacement behaviour until 
5 failure of the specimen took place at which time the fibre-reinforced polymer outer 
tube ruptured and the load began to drop. 

The load-strain behaviour of the six double-skin tubular column samples is 
shown in Fig. 4. 

It can be seen from Fig. 4 that the two and three-layer double-skin tubular 
columns show bi-linear load-strain curves while the single layer double-skin tubular 
columns show approximately elastic-plastic behaviour. 

AH specimens show large ductility. 

Referring to Fig. 5, a comparison is made to show the strength and ultimate 
axial strain enhancement of the specimens compared with plam concrete. 

It can be seen that even for the columns carrying a single layer of fibre- 
reinforced polymer, there was little increase in strength but with a significant 
enhancement in ultimate strain showing a considerable enhancement of ductility of 
the structural member. This enhancement of ductility ensures an increased amount of 
energy may be absorbed before the structure collapses. 
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Those specimens cairying two or three layers of fibre-reinforced polymer 
show a significant increase in ultimate strength as well as fiirther enhancements in the 
ultimate axial strain compared with the strain at peak stress of unconfined concrete. 

5 Thus it can be seen fi-om these experiments that structural members utilizing a 

double-skin of fibre-reinforced polymer and a metallic compound such as steel may 
provide structural members having an improved response to absorb the energy of 
earthquakes even beyond structural failiire of the column itself. Furthennore, 
increased layers of fibre-reinforced polymer showed an increased ductility to carry 
1 0 load after initial failure of the column. 

A resulting column or other such structural member may be relatively easy to 
construct while highly resistant to corrosion, fire and earthquakes. 

1 5 Aside fi"om the increased ductility, the provision of a fibre-reinforced polymer 

outer skin is less acceptable to corrosion than steel or other metallic outer layers. 
Furthermore, the fibre-reinforced polymer tube provides confinement to the concrete 
and increased ductility as well as a form during construction to allow fiirther 
construction to continue even while the concrete cures to reach its ultimate strength. 

20 The use of the steel inner tube will provide some significant strength to the colunm 
diuing this construction phase while the concrete cures. 

The provision of the steel inner tube also allows relatively easy 
interconnection with other structural members such as for the interconnection of 
25 beams and colimms or columns and floor slabs. The inner steel tube, particularly 
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or 
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provided without a filler, may allow steel to be run fix,m an interconnecting beam 
floor slab into the steel tube and welded against stiffeners fitted to the inner steel tube. 
This is typical for existing columns utilizing steel tubes. 

It should also be noted that the inner tube may be appropriately stiffened 
and/or provided with shear comicctors to ensure composite action with the filler 
material if desired. 



Although the inner tube is generally described as a continuous tube, it may be 
10 provided in a variety of sections or as a plurality of tubes whether concentrically or 
otherwise arranged. 
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The provision of the fibrc-reinforced polymer outer tube and the increased 
ductihty provides a greater earthquake response. Furthennore, the material is 
relatively light so does not significanUy add to the weight of the overall column. The 
fibre-reinforced polymer tube may be provided as a sacrificial layer in the case of fire 
and may be replaced upon reconstniction after a fire. As this outer tube is not 
providing any significant structural strength during normal loading of the column, 
there is no need to fire protect this outa- layer. 

The use of the inner steel tube provides a steel tube that is protected from 
corrosion by the outer layers and also protected from fire. 

Thus it can be seen that structural members formed in this manner may 
provide a variety of advantages over existing structural members. 
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This description has made reference to specific embodiments in an illustrative 
manner and the invention should be considered broadly in accordance with the 
general disclosure. Any specific integers referred to throughout the description are 
deemed to incorporate known equivalents where appropriate. 
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